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Human serum paraoxonase (PON) is an antioxidative 
enzyme, which circulates on high-density lipoproteins 
and appears to use oxidized phospholipids as physio- 
logical substrates. PON M/L55 substitution changes 
the ability of PON to prevent lipid oxidation. Urinary 
8-iso-PGF2a (one of F2-isoprostanes) may represent a 
non-invasive in vivo index of free radical generation 
and we propose that PON might influence the biosyn- 
thesis of 8-iso-PGF2~ ~ in the vasculature. We studied 
the urinary excretion of 8-iso-PGF2a and related it to 
PON M/L55 genotypes in patients with type 2 diabe- 
tes mellitus (n - 55) and non-diabetic control subjects 
(n = 55). Urinary 8-iso-PGF2c, was determined by com- 
petitive ELISA and the PON genotype by a PCR based 
restriction enzyme digestion method. LL homozy- 
gotes were compared to M-allele carriers (ML hetero- 
zygotes and MM homozygotes). The urinary excretion 
of 8-iso-PGF2a among non-diabetic non-smoking LL 
homozygotes was 3995.5 _+ 3352.8 ng/24-hour and 
among M-allele carriers 1689.8 _+ 1051.3 ng/24-hour 
(p = 0.017, ANCOVA; gender, hypertension, total cho- 
lesterol, triglycerides and LDL cholesterol as covari- 
ates). The excretion of 8-iso-PGF2a, was increased in 
type 2 diabetes mellitus compared to non-diabetic 
control subjects. PON may thus protect against oxida- 
tive stress by destroying some biologically active lip- 
ids. Excretion of 8-iso-PGF2a is increased in type 2 
diabetes, which may reflect oxidant injury. 

Keywords: Paraoxonase, Lipid peroxide, 8-iso-PGF2c~, Diabe- 
tes mellitus, type 2 

I N T R O D U C T I O N  

Oxidat ive modif icat ion of low-densi ty  l ipopro-  
rein (LDL) in the ar tery walls is one of the most  
impor tan t  factors involved  in the initiation of 
atherosclerosis. High-densi ty  l ipoprotein  (HDL) 
retards the accumulat ion of lipid peroxides  on 
LDL particles w h en  incubated unde r  oxidizing 
condit ions in vitro. [11 This process is apparen t ly  
due  to paraoxonase  (PON), an en zy m e  associ- 
ated wi th  HDL. PON has two functions: First, it 
has been shown to contr ibute to the detoxifica- 
t ion of o rganophosphorous  compounds ,  includ- 
ing the pesticide paraoxon,  and, secondly,  it can 
hydro lyze  lipid peroxides  and thus protect  LDL 

~_ [2] f rom oxidation. 

The PON gene (PONI) has two c o m m o n  
genetic po lymorph isms  giving rise to amino acid 
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478 RIIKKA MALIN et al. 

substitutions of methionine (M) for leucine (L) at 
position 55 and arginine (R) for glutamine (Q) at 
position 192 of the protein. These polymor- 
phisms are in strong linkage disequilibrium that 
favors the simultaneous presence of the L- and 
R-alleles. Both M/L55 and R/Q192 substitutions 
have been shown to affect serum PON activity. 
PON activity must be determined against 
paraoxon because the physiological substrate of 
PON is unknown. D] When considering the 
M/L55 polymorphism, LL homozygotes have 
the highest activity towards paraoxon followed 
by ML heterozygotes and MM homozygotes 
with the lowest activity. This stands in opposite 
sequence to the specificity of PON isoenzymes 
with regard to hydrolysis of lipid peroxides I2] 
and has led to a hypothesis that there is yet 
another substrate for PON, the product of which 
modulates atherogenesis. 

The discovery of new markers of oxidative 
stress has improved our ability to measure oxi- 
dant injury. These markers include F2-isopros- 
tanes, which are a family of prostaglandin 
isomers. They are initially formed in situ on 
phospholipids and then released, presumably by 
phospholipases. I4] F2-isoprostanes are derived 
from arachidonic acid, which undergoes peroxi- 
dation by a mechanism catalyzed by free radi- 
cals and unrelated to cyclooxygenase to yield 
arachidonyl radical intermediates, which are 
then transformed to a series of prostaglandin 
F2-1ike compounds. [5] These compounds circu- 
late in plasma and finally are excreted into 
urine. [6] 8-iso-PGF2~, which is one of the most 
abundantly formed compounds following per- 
oxidation of arachidonic acid, is a potent renal [7] 
and pulmonary vessel[8]vasoconstrictor in ani- 
mal models. 8-iso-PGF2~ is also the cause of 
platelet shape change but  not aggregation. [9] 
Increased plasma levels of F2-isoprostanes occur 
in smokers, [I0] patients with the hepatorenaI 
syndrome, [11] and in patients with type 2 
(non-insulin dependent) diabetes mellitus. [12] 
The levels of F2-isoprostanes, both free in the cir- 
culation and esterified to tissue phospholipids, 

increase also dramatically in experimental ani- 
mals subject to oxidant injury I4] and in patients 
with acute myocardial infarction. I13] This sug- 
gests that urinary 8-iso-PGF2c , could be a useful 
non-invasive in vivo index of free radical genera- 
tion. 

We hypothesize that PON, as an antioxidative 
enzyme, might influence the biosynthesis of 
8-iso-PGF2~ in the vasculature. To measure the 
actual rate of 8-iso-PGF2~ synthesis in vivo, we 
studied the urinary excretion of this oxidative 
stress marker and related the rate of excretion to 
PON M/L55 genotypes. In addition, we studied 
if the excretion of 8-iso-PGF2~ is increased in 
type 2 diabetes or among smokers. 

MATERIALS AND METHODS 

Patients and Control Subjects 

One hundred and fifty recently diagnosed type 2 
diabetes outpatients at the municipal health care 
center of the city of Tampere and the same 
number of non-diabetic control subjects attend- 
ing the same facilities and matched for age and 
gender, were originally recruited between 1985 
and 1988. The diabetic patients fulfilled the diag- 
nostic criteria of the WHO for type 2 diabetes. 
Subjects with a serious disease or a shortened life 
expectancy (e.g., cancer or cirrhose) were 
excluded from both study groups. The recruit- 
ment of patients and control subjects has been 
previously discussed in detail. [14] 

A group of non-diabetic control subjects 
(n=55)  and patients with type 2 diabetes 
(n - 55) were randomly chosen for this study of 
those subjects that were re-evaluated after a 
mean of nine years of disease duration and fol- 
low-up, respectively. At the time of re-evalua- 
tion, those control subjects who had an elevated 
fasting blood glucose level were excluded. 
Weight and height were recorded and the body 
mass index (BMI) was calculated (kg/m2). Blood 
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LIPID PEROXIDATION AND PARAOXONASE GENOTYPE 479 

pressure was measured as recommended by the 
American Heart Association. [15] A subject was 
considered to have hypertension if he or she was 
on antihypertensive medication, or if the blood 
pressure was greater than 160/95 mmHg. At the 
time of this study, 25% of the diabetic partici- 
pants and 15% of the control subjects used ACE 
inhibitors. The rate of diuretic use was 16% and 
13% and of betablockers 33% and 31%, respec- 
tively (p - NS, diabetic vs. control subjects). Dia- 
betic subjects were treated by diet only, in 
combination with insulin or with an oral antidia- 
betic therapy and they received dietary counsel- 
ling to reduce their intake of fat and total energy. 
All study participants gave written informed 
consent to the study. The study was approved 
by the ethics committee of the Tampere Univer- 
sity Hospital. 

Biochemical Assays 

All blood samples were drawn after the subjects 
had had a 12-hour overnight fast. Serum total 
cholesterol and triglycerides were measured by 
the dry slide technique (Ektachem 700 analyzer, 
Johnson and Johnson Clinical Diagnostics, 
Rochester, NY, USA). The HDL concentration 
was determined after precipitation of LDL using 
the same technique. The LDL concentration was 
calculated by Friedewald's formula. I161 The 
glomerular filtration rate (GFR) was measured 
by the [51Cr]EDTA plasma clearance tech- 
nique.[17]The concentration of ascorbic acid was 
measured by high-performance liquid chroma- 
tography (HPLC) with an electrochemical detec- 
tor. [18] Plasma ot-tocopherol was measured by a 
modified HPLC method [191 with a LC-ampero- 
metric detector (Bioanalytical Systems Inc., West 
Lafayette, IN, USA). The protein thiol groups 
were determined as described earlier. [2°] 

Each subject collected the urine for 24-hours. 
The total volume was mixed and stored frozen at 
-70°C until analyzed. Thawed urine samples 
were centrifuged at 10 000 x g for 10 min, and, 
after proper dilution, the supernatant was used 

for the determination of 8-iso-PGF2~ by a com- 
petitive ELISA according to manufacturer's 
instructions (R & D Systems Inc., Minneapolis, 
MN, USA). The manufacturer has established 
the specificity of the polyclonal antibody used in 
the kit. The sensitivity of the 8-iso-PGF2~ assay is 
typically less than 12.3 pg/ml .  Urinary 
8-iso-PGF2~ was expressed as the total amount 
excreted in 24 hours. The urinary 
8-iso-PGF2c~/GFR ratio was alternatively used in 
analysis. 

DNA Extraction and PON Genotyping 

DNA was isolated from lymphocytes with a 
commercial kit (Qiagen Inc, Valencia, CA, USA). 
PON M/L55 genotypes were determined by 
polymerase chain reaction and restriction 
enzyme Hsp92II (Promega, Madison, WI, USA) 
digestion as described earlier. [21] The amplifica- 
tion cycle was performed in a PTC-225 thermal 
cycler (MJ Research Inc., Watertown, MA, USA). 
After initial denaturation at 96°C for 2.5 min, the 
DNA was amplified by 40 cycles in the following 
conditions: denaturation at 96°C for 30 s, anneal- 
ing at 61°C for 1 min and extension at 72°C for 1 
rain. Hsp92II enzyme digestion followed the 
instructions of the manufacturer. Digested frag- 
ments were separated by electrophoresis on 
2.5% agarose gel and visualized with ultraviolet 
light after ethidium bromide staining. 

Statistical Analyses 

Because the number of MM homozygotes was 
small, these subjects were combined for analysis 
with ML heterozygotes to get two groups: 
M-allele carriers and LL homozygotes. Discon- 
tinuous variables were compared using the Z 2 
test and the means of continuous variables using 
the t-test for independent samples. The differ- 
ences in the mean urinary excretion of 
8-iso-PGF2~ between the subgroups were com- 
pared statistically after Iogarithmical transfor- 
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480 RIIKKA MALIN et al. 

mat±on wi th  analys is  of covar i ance  ( A N C O V A )  

w e r e  gender ,  h y p e r t e n s i o n  (ye s /no ) ,  total  cho-  

lesterol, t r ig lycer ides  a nd  L DL  choles terol  were  

used  as covar ia tes  (select ion of  covar ia tes  w a s  
based  on  the  var iables  p r e s e n t e d  in Table  I). The  

resul ts  are expressed  as c r u d e  data.  Da ta  are pre-  

sen ted  as m e a n  _+ s t a n d a r d  dev ia t ion  (SD). A 

p -va lue  of  less t h a n  0.05 w a s  cons ide red  to be  
statist ically significant.  The  c o m p u t a t i o n s  w e r e  

m a d e  on  Statist±ca for W i n d o w s  ve r s ion  5.0 

(Statsoft Inc., Tulsa,  OK, USA).  

RESULTS 

Table I s u m m a r i z e s  the character is t ics  of  all 

s t u d y  subjects  b y  diabetes  status.  As  expected ,  

there  w e r e  s o m e  stat is t ical ly s ignif icant  differ- 

ences b e t w e e n  diabet ic  a nd  control  subjects  

(Table I). The  f requencies  of  the L- a nd  M-alleles 

of  the P O N  gene  w e r e  61% a nd  39% in cont ro l  

subjects  and  63% and  37% in the  d iabetes  

pat ients ,  r espec t ive ly  (p = NS, cont ro l  vs. dia-  

bet ic  subjects). The  f r e q u e n c y  d i s t r ibu t ion  of  the  

g e n o t y p e s  w a s  in H a r d y - W e i n b e r g  equi l ib r ium.  

There  w e r e  no  stat ist ically s ignif icant  d i f ferences  

b e t w e e n  the LL h o m o z y g o t e s  and  M-allele  carri-  

ers in e i ther  diabet ic  or  cont ro l  subjects  for m o s t  

of  the var iables  p r e s e n t e d  in Table  I. H o w e v e r ,  

in the g r o u p  of  non -d i abe t i c  subjects  the  m e a n  

GFR a m o n g  the LL h o m o z y g o t e s  w a s  94.9 ± 

23.7 m l / m i n / 1 . 7 3  m 2 a n d  a m o n g  the  carr iers  of  

the M-allele 82.8 + 1 2 . 1 m l / m i n / 1 . 7 3  m 2 

(p = 0.017, t-test). A m o n g  the cont ro l  subjects,  

the m a l e / f e m a l e - r a t i o  w a s  12 / 5 in the g r o u p  of  

LL h o m o z y g o t e s  a n d  14 / 24 in the  g r o u p  of  

M-allele carr iers  (p = 0.021, X 2 test). Also,  the  

H D L  choles terol  w a s  l ower  a m o n g  cont ro l  LL 

h o m o z y g o t e s  (1.0 + 0.3 m m o l / 1 )  t h a n  a m o n g  

cont ro l  M-allele carr iers  (1.3 _+ 0.4 m m o l / 1 ,  

p = 0.009, t-test). 

TABLE I Characteristics of study participants 

Control subjects Diabetic subjects p-value 
(n = 55) (n = 55) 

Age (years) 

Gender (male / female) a 

Body mass index (kg / m 2) 

Glomerular filtration rate (ml / min / 1.73m 2) 

Smoking (present / no)a 

Hypertension (yes / no) a 

Glutathione (~mol / 1) 

c~-tocopherol (~tmol / I) 

Ascorbic acid (~tmol/l) 

Totat cholesterol (mmol / 1) 

Triglycerides (retool / I) 

LDL cholesterol (mmol/1) 

HDL cholesterol (mmol/1) 

57.2 +_ 6.1 56.1 ± 7.7 NS 

26/29 27/28 NS 

29.0 + 5.0 29.8 + 5.2 NS 

86.4 + 17.2 100.0 + 25.0 0.002 

6 / 49 6 / 49 NS 

32 / 23 42 / 13 0.042 

544 ± 75 554 + 89 NS 

30.8 ± 7.3 31.1 _+ 8.9 NS 

48.2 + 18.2 46.8 ± 15.6 NS 

5.8 _+ 1.2 5.3 + 1.0 0.011 

1.5 + 0.7 2.0 +_ 1.1 0.003 

3.9 ± 1.1 3.3 + 0.9 0.001 

1.2 + 0.4 1.1 ± 0.3 NS 

NS = not statistically significant difference. 

a. p-values: t-test for independent samples or Z 2 test. 
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LIPID PEROXIDATION AND PARAOXONASE GENOTYPE 481 

TABLE II 24-hour  u r ina ry  excretion of 8-iso-PGF2¢ , and  the  ratio of 8-iso-PGF2c ~ to GFR a m o n g  diabetic and  control  subjects by  
s m o k i n g  s ta tus  

Smoking n 24-h 8 iso-PGF2c ~ n 8-iso-PGF2cc/GFR 
(ng/24-hour) a (ng/(ml/min/1.73m2) b 

Diabetic subjects 

Control  subjects 

Yes 6 4068.8 _+ 3703.8 6 45.4 +_ 50.5 

No 49 4677.5 _+ 4218.0 48 46.9 + 38.4 

Yes 6 3195.5 +_ 4629.9 6 33.0 + 48.4 

No 49 2395.6 _+ 2278.4 47 29.5 + 27.1 

GFR = g lomeru la r  filtration rate. 
ANCOVA;  gender ,  hype r t ens ion  (yes /no) ,  total cholesterol,  t r iglycerides and  LDL cholesterol  as covariates.  Data  was  
t r ans fo rmed  logari thmical ly  before analysis .  
Non-scaoking  cTiabetic vs. n o n - s m o k i n g  control subiects: ap < 0.00I; bp = 0.012. 

a b All diabetic vs. all control  subjects: p = 0.002; p = 0.020. 

TABLE III 24-hour  u r ina ry  excretion of 8-iso-PGF2u and  the ratio of 8-iso-PGF2~ " to GFR a m o n g  n o n - s m o k i n g  diabetic an d  
control  subjects by P ON M / L 5 5  geno type  

n LL n M-allele carriers 

24-h 8-iso-PGF2~ (ng /24-hour )  

Diabetic subjects 17 5488.3 _+ 4892.1 32 4246.8 _+ 3826.7 

Control  subjects a 15 3995.5 ± 3352.8 34 1689.8 + 1051.3 

8-iso-PGF2c ~ / GFR (ng/  (ml / m i n  / 1.73m 2) 

Diabetic subjects 17 51.3 + 42.3 31 44.5 _+ 36.6 

Control  subjects b 14 49.3 + 39.6 33 21.0 + 13.2 

GFR = g lomeru la r  filtration rate. 
ANCOVA;  gender ,  hype r t ens ion  (yes /no) ,  total cholesterol,  t r iglycerides and  LDL cholesterol  as covariates.  Data  was  
t r ans fo rmed  logari thmical ly  before analysis .  
Non-diabet ic  LL homozygo te s ' v s ,  non-diabet ic  M-allele carriers: ap = 0.017, bp = 0.020 

The 24-hour urinary excretion of 8-iso-PGF2c ~ 
and the ratio of 8-iso-PGF2~ to GFR are shown in 
Table II by diabetes status in smokers and 
non-smokers. The daily urinary excretion of 
8-iso-PGF2c , (and also the value of 
8-iso-PGF2JGFR) was statistically significantly 
higher in the group of diabetic subjects in com- 
parison to control subjects. When only 
non-smoking diabetic subjects and non-smoking 
control subjects were compared the difference in 
the urinary excretion of 8-iso-PGF2~ , remained 
statistically significant. Among the diabetic sub- 
jects there was no difference between smokers 
and non-smokers. Although diabetic smokers 

had higher values than non-diabetic smokers, 
this difference was not statistically significant. 
Smoking seemed to be associated with higher 
excretion of 8-iso-PGF2~ , among control subjects, 
but, again, this association was not statistically 
significant. 

Table III shows the 24-hour urinary excretion 
of 8-iso-PGF2~ and the 8-iso-PGF2~/GFR values 
among non-smokers classified by PON genotype 
and diabetes status. When all non-smoking 
study subjects were analyzed together regard- 
less of diabetes status, the LL homozygotes had a 
statistically significantly higher 24-hour excre- 
tion of 8-iso-PGF2~ in comparison with M-allele 
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carriers (4788.5 + 4242.9 vs. 2929.6 + 3033.6 
ng/24-hour, p = 0.023, ANCOVA; age, BMI and 
gender as covariates). With regard to the diabetic 
subjects there was no significant difference 
between PON genotypes. In control subjects, the 
24-hour excretion of 8-iso-PGF2a was statistically 
significantly higher among LL homozygotes 
compared to M-allele carriers and this difference 
remained significant after adjustment for GFR. If 
the HDL concentration was added to the covari- 
ates in the ANCOVA model (age, BMI, gender 
and HDL as covariates), the associations 
between PON genotype and 24-hour 
8-iso-PGF2c ~ (p - 0.014) and 8-iso-PGF2~/GFR 
(p = 0.016) remained statistically significant in 
the group of control non-smokers. 

DISCUSSION 

The new finding in our study was that PON is 
associated with the excretion of 8-iso-PGF2c ~. 
PON LL homozygotes had a higher excretion of 
24-hour 8-iso-PGF2~ than the M-allele carriers 
and this association persisted after correction for 
GFR. Since PON is an antioxidative enzyme 
bound to HDL particles, this result suggests that 
PON may contribute to the destruction of some 
lipid peroxides, which lead to the formation 
8-iso-PGF2c v Our study implies that PON in per- 
sons with the LL genotype may be the least pro- 
tective against this kind of lipid oxidation. 
Ultimately, our finding suggest that subjects 
with the LL genotype are at bigger risk for 
atherosclerosis than the carriers of the M-allele. 

This observation is somewhat confusing, since 
it was originally assumed that subjects with high 
PON activity (LL homozygotes) towards 
paraoxon are better protected against atheroscle- 
rotic diseases compared to subjects with low 
PON activity. [22'23] However, HDL from subjects 
with the MM (low active) genotype were later 
found to protect LDL more effectively against 
peroxidation than the HDL from subjects with 
the ML or LL genotype. [21 The protective effect 

of HDL was, therefore, found not to be associ- 
ated with the absolute levels of HDL cholesterol 
but rather with the abundance of HDL particles, 
which contain protective enzymes relative to the 
concentration of oxidized LDL. The determi- 
nants of this ratio are both genetic and environ- 
mental. Our observation is thus in line with the 
current knowledge, according to which PON can 
scavange the multioxidized phospholipid-con- 
taining trienes [24] and that the PON with the LL 
genotype is the least effective in this action. A 
limitation of our study was the lack frozen 
serum samples and, due to this, we were not 
able to measure PON concentration and activity 
to test the effect of genotype on these parame- 
ters. The interpretation of these measurements 
seems to be unclear because, as indicated, the 
high activity of PON against paraoxon can not 
be interpreted directly as being protective 
against atherosclerosis. 

The lack of an association between the M/L55 
genotype and the excretion of 8-iso-PGF2~ 
among diabetic subjects is probably due to the 
circumstance that the diabetes itself causes oxi- 
dative stress which obscures the effect of genetic 
variation. This hypothesis is in line with our 
finding that the non-smoking diabetic subjects 
had statistically significantly higher excretion of 
8-iso-PGF2a than non-smoking control subjects. 
Smoking is also known to increase oxidative 
stress. In our study, the excretion of 8-iso-PGF2a 
was higher in non-diabetic smokers than in 
non-smokers but, maybe due to a small group 
size among smokers, the difference was not sta- 
tistically significant. These findings support the 
theory that systemic oxidative stress is enhanced 
in subjects with type 2 diabetes and among 
smokers. 

There is apparently an unmeasured substrate 
for PON whose product modulates atherogene- 
sis. Combining the current knowledge of PON 
and 8-iso-PGF2a, it is tempting to speculate that 
some metabolite derived from oxidized arachi- 
donic acid finally leading to the formation of 
8-iso-PGF2a is, in fact, one of the physiological 
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LIPID PEROXIDATION AND PARAOXONASE GENOTYPE 483 

subs t ra tes  of  PON.  Today ,  the s t ronges t  candi -  

da te  seems  to be one  of  the m o d i f i e d  LDL phos -  

phol ip ids ,  an  ox id ized  a rach idon ic  acid 
der ivate .  [241 These  m o d i f i e d  a rach idon ic  

ac id -con ta in ing  p h o s p h o l i p i d s  occur  in mini -  

ma l ly  m o d i f i e d  LDL part ic les  w h i c h  can act ivate  

endothe l ia l  cells to b ind  m o n o c y t e s ,  init iate their  

en t ry  in to  the  vessels  wal ls  a nd  p r o m o t e  cellular  

in terac t ions  tha t  are character is t ic  of the ear ly  
s tages  of  a therogenes is .  [25] This sequence  of  

events  is b l oc ke d  b y  t r ea tmen t  of  m o d i f i e d  LDL 
w i t h  pur i f i ed  PON.  ]24[ The  ox id ized  a rach idon ic  

ac id -con ta in ing  p h o s p h o l i p i d s  are no t  wel l  char-  

ac ter ized  and  it is poss ib le  tha t  b o t h  p h o s p h o l i -  

p id  con ta in ing  o x y g e n a t e d  a nd  cycl ized  

a r ach idon ic  acids as well  as several  f r a g m e n t a -  

t ion p r o d u c t s  of  a rach idon ic  acid m a y  serve  as 
subs t ra tes  for  PON.  

T w o  p r e v i o u s  s tudies  a d d r e s s e d  the associa-  

t ion  b e t w e e n  M / L 5 5  p o l y m o r p h i s m  a nd  C H D .  

In  a re t rospec t ive  case-control  s t u d y  there  w a s  
no  associat ion,  [26] whi le  a cross-sect ional  s t u d y  

s u g g e s t e d  tha t  the L-allele increases  the C H D  
risk in pa t ien ts  wi th  type  2 d iabetes  mell i tus.  [27] 

The LL g e n o t y p e  w a s  also f o u n d  to be a predic-  
tor  of  caro t id  atherosclerosis .  [28] These  f ind ings  

are cons is ten t  wi th  the resul ts  in ou r  s tudy .  

In  s u m m a r y ,  this s t u d y  conf i rms  s o m e  previ -  

ous  f ind ings  s h o w i n g  an  inc reased  excre t ion of  

an  oxida t ive  stress m a r k e r  8-iso-PGF2~ in type  2 

d iabetes  mell i tus.  We f o u n d  also an  associa t ion  

b e t w e e n  the  P O N  M / L 5 5  g e n o t y p e  and  u r i n a r y  

excre t ion of  8-iso-PGF2a. The u r i n a r y  excre t ion 

of  8-iso-PGF2c t w a s  inc reased  in  non-d iabe t i c  
n o n - s m o k i n g  LL h o m o z y g o t e s  c o m p a r e d  to car- 

riers of the  M-allele. O u r  resul ts  s u p p o r t  the  the-  

o r y  that  P O N  in H D L  m a y  pro tec t  aga ins t  

ox ida t ive  stress b y  d e s t r o y i n g  s o m e  b io logica l ly  

act ive lipids. 
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